ABSTRACT
INTRODUCTION
The more renewable sources contribute to energy systems, the more generation is shifted to distribution grids. Now, ancillary services also need to be provided by smaller and distributed plants. To realize this, many grid codes (e.g. [1]) enable distributed generators, like PVplants, to do various control strategies, such as reactive power control. However, the question now is: How should these controllers be parameterized in an existing grid or how do parameters change if grid structure changes, e.g. connecting a new plant?
Recently, research projects focused on reactive power control strategies for electrical distribution grids that are exposed to a large amount of renewable energies [3] , [4] , [5] , [6] . This paper contributes to current literature by suggesting a method to parameterize distributed reactive controllers that depend on the local voltage. This approach is based on a centralized controller that knows complete grid data and can optimally control the grid. Optimal in this context means keeping voltages in the defined limits and to minimize reactive power at the same time. This avoids overloading grid components. Parameters for the distributed controllers are derived based on these results. In the following sections, methods will be derived and presented with the medium voltage feeder showcase.
MV-FEEDER SHOWCASE
The medium voltage feeder presented in Figure 1 is used to illustrate the methods derived for defining distributed controllers for reactive power control. This feeder, with a nominal voltage of 20 kV, is coupled with a transformer, S N = 25 MVA, to the high voltage grid. The cables of type NA2XS2Y1x070 connect 6 PV-plants (PV1, PV2, PV3, PV4, PV5, PV6). Nominal powers of the plants and distances in the grid can be seen in Table 1 . 
CENTRALIZED OPTIMAL Q-CONTROLLER
A centralized optimal Q-controller is used in the previous defined grid to gain information about the potential of reactive power control (Q-control). This information can be used for the parameterization of a decentralized controller.
Definition
Optimality of control is assured by connecting and processing all relevant grid data. In a real system this would require a high-speed communication infrastructure as well as high real-time computing power, which is expensive. Relevant measurements are voltages at the nodes, the active and reactive power at the points of connection. To guarantee ideal usage of reactive power, it is necessary to know the impact of reactive power feed-in at one point on the voltages of all nodes.
The dependency of reactive power feed-in at each node to the voltage on each grid node can be obtained from the Newton-Raphson method as proposed in [3] . To calculate load flows, the Jacobian matrix according to [2] is first set up. With the Jacobian the relation between powers and voltages is described by:
The inverse of the Jacobian depicts the required sensitivity matrix in order to calculate the effects of 
Results
The algorithm Figure 1 and Figure 2 show on the relative 
